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Abstract

Background: Treatment of afoot infection can vary
significantly depending on the presence of osteomyelitis or
an abscess. Rapid and efficient evaluation of patients with
diabetic foot ulcer is of great importance. While MRI is known
to be the imaging modality of choicein these cases, it isalso
known to be a costly and lengthy exam.

Aim of Sudy: The aim of our study isto compare the
diagnostic performance of arapid protocol to afull protocol
in the evaluation of presence osteomyelitis and abscesses of
the foot and to detect patients that profit on performing a
standard protocol.

Patients and Methods: This cross sectional analytic study
involved 41 patients with diabetic foot ulcer (29 male, 12
female with age range from 41 to 77 years with mean + SD
=57.29+10.7). Clinical reports of the full protocol were used
as gold standard, combined with clinical data. Information
regarding the utilization of intravenous contrast, the existence
of osteomyelitis, reactive osteitis, and abscessesof soft tissues
were extracted from clinical reports. By the utilization of one
T1 non fat-saturated and one STIR sequences, two radiologists
with experience evaluated all patients for the existence of
osteomyelitis, reactive osteitis, or a soft tissue abscess. Inter-
rater agreement was cal culated, also sensitivity, specificity
and accuracy of both radiologists were tested.

Results: There was an almost perfect inter-observer agree-
ment for diagnosis of osteomyelitis with a kappa value of
0.951. A moderate inter-rater agreement was noted for the
presence of soft tissue abscesses. Both observers showed a
high sensitivity for the diagnosis of osteomyelitis (100% and
95.2% for observer 1 and 2 respectively). They both were
less sensitive for diagnosing soft tissue infection (sensitivity
of 80% for both observers).

Conclusions: This rapid two sequenced protocol has a
high reliability and significant diagnostic performancein
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detection of osteomyelitis, and its high sensitivity, specificity
and accuracy make it beneficial in screening for cases that
can profit after afull standard protocol.
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DIABETIC foot ulcer is amid the most common
complications in uncontrolled diabetic patients. It
is also a common cause for foot osteomyelitis and
lower limb amputation [1,2]. Thereis a high pooled
prevalence of diabetic foot ulceration in the whole
world in general and in Africa specifically [3,4].
Recent data suggest that thereisan increasein
lifetime risk of foot ulcersin diabetic patients [5].

A rapid identification of foot ulcers, soft tissue
infection, and osteomyelitis and a precise evaluation
of the extent of this infectious processis of great
importance for proper management of the patients
and for choosing the most appropriate therapy [6,7].

Osteomyelitisis one of the most grave compli-
cations of diabetes, being associated with sustained
antibiotic therapy, long term hospitalization, as
well as being associated with higher rates of re-
infection and amputations compared with patients
with soft tissue infection [8]. Even though bone
biopsy isthe gold standard for a definite diagnosis
of osteomyelitis, it has amajor drawback being an
invasive procedure, and not always practical [9].

List of Abbreviations:

MRI : Magnetic resonance imaging.
K :Kappa

Cl : Confidenceinterval.

OM : Osteomyelitis.
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Radiology offers the opportunity to diagnose
diabetic foot infection by using alessinvasive
procedure that when combined with physical, lab-
oratory, and microbiological examinations. Radi-
ography isthe first line imaging modality in eval-
uating a diabetic foot, with MRI being the following
step and modality of choice in the diagnostic proc-
ess of osteomyelitis and associated soft-tissue
complications with a high sensitivity and specificity
in diagnosing osteomyelitis[10,11].

MRI represents a diagnostic procedure with
limited access and high cost, especially when
needed in the emergency cases [12]. Moreover,
MRI studiesin the setting of a diabetic foot require
immediate and fast interpretation by radiologists.
These limitations may be reduced for patients with
suspected foot osteomyelitis if an abbreviated rapid
imaging protocol decreased the exam duration
while preserving a diagnostic performance [13].

Recent studies have evaluated the diagnostic
performance of atwo sequence protocol, with
different planes of imaging, compared with a flex-
ible full protocol in evaluation of patients with
diabetic foot ulcers and demonstrated a high diag-
nostic accuracy [13,14].

Aim of Sudy:

The aim of our study isto assessif an abbrevi-
ated protocol consisting of two sequences only
with no contrast enhancement, can be used as a
screening tool for osteomyelitis and soft tissue
abscesses in diabetic foot ulcer patients, and to
make a comparison between this rapid protocol's
performance and a variable full protocol irrespec-
tive of the use of contrast intravenously.

Patients and M ethods

Ethics committee approval was obtained for
this cross sectional analytic study. Informed consent
was also obtained from all patients.

We evaluated 41 feet of 41 patients (29 male,
12 female with age range from 41 to 77 years with
mean + SD = 57.29+£10.7). The demographic data
of the patients, namely the age and sex in the study
population were shown in Table (1). The mean
duration of diabetesin our patients was 9.8+7.2
years. The mean duration of foot ulcerswas 3.2+1.6
weeks. Diabetic neuropathy was recorded in 94%
of our patients, diabetic nephropathy and retinop-
athy were recorded in 27% and 16.2% of our pa-
tients respectively. Amongst our patients, 72%
were hypertensive and 13.1% had a previous car-
diovascular insult. The patients were referred from
Vascular Surgery Department of Kasr Al-Ainy

Hospital, Cairo University between September
2021 to February 2022. All patients were subjected
to history taking, clinical provisional examination
and MRI examination of the affected foot.

Table (1): Demographic characteristics among the study

popul ation.
Study population
(n=41)

Sex:
- Male:

n (%): 29 71%
- Female

n (%) 12 29%
Age (years):

Mean = SD. 57.29+10.7

Median (IQR) 57 (52-61)

Range (Min-Max) 36 (41-77)

N : Number.
IQR: Interquartile range.

Inclusion criteria;

All the involved patients had diabetic foot ulcer
with aclinical suspicion of osteomyelitis based on
one or more of these criteria: Positive probe-to-
bone test, high inflammatory biomarkers, a persist-
ent non-healing ulcer, drained synovial fluid and
the location of the ulcer over a bony prominence.

Exclusion criteria:

The following exclusion criteria were applied:
Patients in whom MRI is contraindicated like
pacemakers and implants, patients with claustro-
phobiato MRI, patients with orthopnea who can't
tolerate supine position in MRI.

MR image protocol:

MR examinations were performed for all pa-
tientsusing closed field 1.5 tesla MRI machine
“ACHIEVA" equipment (from PHILIPS Medical
Systems, Best, the Netherlands) using a phased
array extremity coil to evaluate for adiagnosis of
osteomyelitis. The patients were examined in a
supine position with the feet located at the side
of the magnet in the foot coil with the foot being
flexed. The acquired imaging parameters were
summarized in Table (2). Preliminary scout local-
izersin axial, coronal and sagittal planes were
done. The coverage included all the examined foot
from medial to lateral and from anterior to poste-
rior. Care was taken to confirm a homogeneous
STIR images fat suppression evaluated in these
examinations.
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Table (2): Full standard MRI protocol parameters.

TR TE FOv Matrix
Sandard:
Coronal T1 non FS 516 9 180-200 320X320
Coronal T2 3928 83 180-200 320X320
Coronal STIR 5377 50 180-200 320X320
Sagittal T2 4087 116 180-200 320X320
Axial T1 FSwithout 420 10 120-140 256X256
Contrast
Axial T1 FSwith 420 10 120-140 256X256
Contrast

MR image analysis:

The following items were evaluated by a radi-
ologist in the clinical reports by the use of afull
magnetic resonance imaging protocol: The usage
of intravenous contrast, the presence of osteomy-
elitis and/or reactive osteitis and the presence of
abscess of soft tissues. The radiologist who verified
the full protocol clinical report was a certified
muscul oskeletal radiologist with experience of
more than 20 years. Clinical reports were used as
agold standard for diagnosis combined with all
available clinical data[15]. Two muscul oskel etal
radiologists (of more than 10 years of experience)
blinded to each other results, blinded to radiographs
and previous imaging were requested to individu-
aly evaluate every case and interpret the T1 non-
fat saturated sequence and the STIR sequence,
regardless of the plane acquired with a preference
to coronal sequences. Both radiologists were re-
guested to assess for the diagnosis of osteomyelitis
(osseous focal reduced T1 signal and equivalent
fluid signal on STIR WIS with adjacent edema of
soft tissue), reactive osteitis (normal osseous T1
signal and osseous high focal STIR signal with
adjacent edema of soft tissue), or soft tissue abscess.
Though it was not the primary goal of this study,
the two radiol ogists were al so requested to de-
scribed other alternate diagnoses (pathology not
representing an infection) which may produce signs
similar to that of infection or make the diagnosis
more confusing. Those confusing diagnoses de-
scribed in the clinical full report were additionally
dictated. Statistical analysis of these findings was
done.

Satistical analysis:

All data were collected, tabul ated and statisti-
cally analyzed using SPSS 26.0 for windows (SPSS
Inc., Chicago, IL, USA). Qualitative data were
described using number and percent. Quantitative
data were described using range (minimum and
maximum), mean, standard deviation and median.
The used test was Cohen's kappa coefficient (k):
isasdtatistic that is used to measure inter-rater
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reliability between the two observers and the clin-
ical report. Agreeement was classified as: None
(0-0.20), minimal (0.21-0.39), weak (0.40-0.59),
moderate (0.60-0.79), strong (0.80-0.90) and al-
most perfect (above 0.90). The used diagnostic
test parameters were: Sensitivity (True Positive
Rate), Specificity (True Negative Rate), Positive
predictive value (PPV), Negative predictive value
(NPV) and accuracy.

Reference standard for diagnosis:

The presence of osteomyelitis was established
using al available clinical information including
the full protocol clinical reports.

Results

Generalized results by the full protocol:

Osteomyelitis was detected in 21 cases of the
examined 41 foot exams. Amongst the 21 exams
diagnosed with osteomyelitis, 35 bones were af-
fected. Sixteen of the bones affected with infection
existed in toes, 14 were noted in metatarsal bones,
2 existed in the mid-foot, and 3 existed in the hind-
foot.

Osteomyelitis results:

The agreement among both observers on the
presence of osteomyelitis was almost perfect (Table
3), with a Kappa value of 0.951 (95% CI of 0.857-
1.0). The two observers revealed high accuracy
(100% and 97.6% for observer 1 and 2 respectively)
in diagnosing osteomyelitis (Table 4). Osteomyelitis
was correctly identified by observer 1 using the
screening protocol in all 41 cases (Fig. 1). On the
other hand, observer 2 identified 39 cases with
osteomyelitis and disagreed with the full standard
protocol and clinical report in 2 cases, calling them
reactive osteitis (Fig. 2).

Table (3): Inter-observer agreement for diagnosis of osteomy-
elitis and abscess formation.

Degree of agreement

Kappa 95%Cl between the 2 observers
Osteomyelitis 0.951 0.857-1.0 Almost Perfect
Abscess 0.7730.475-1.0 Moderate

ClI: Confidenceinterval.

Table (4): Sensitivity, Specificity, Positive, Negative Predictive
Values and accuracy of both observers for diagnosing
osteomyelitis.

Sensi-  Speci- PPV

tivity  ficity NPV  Accuracy

Observer 1 100.0% 100.0% 100.0% 100.0%
Observer 295.2% 100.0% 100.0% 95.2%

100.0%
97.6%

PPV: Positive predictive value.
NPV: Negative predictive value.
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Abscess results: screening protocol diagnosed acharcotjoint in 15/17
Agreement between both observersonthe ~ for both observers. There were 2 cases of fractures

with a Kappa value of 0.773 (95% CI of 0.457- report of the standard full protocol, both cases
1.0). Observer 1 and 2 had areduced sensitivity were also diagnosed on the screening protocol aso

for soft tissue abscess identification being 80% for Py both observers.

both observers (Table 5). e o - . -
Table (5): Sensitivity, Specificity, Positive, Negative Predictive
Other alternate diagnoses: Values and accuracy of both observers for diagnosing
) an abscess.
Amongst the 41 cases, 4 cases had an estab- : :
lished diagnosis of inflammatory arthritis on the Sensi- - Sped-  poy Npy  Accuracy
tivity  ficity

full protocol clinical report. 1/4 cases had an es-
tablished diagnosis of inflammatory arthritis with Observer 1 80.0% 94.4% 66.7% 97.1%  92.7%
the rapid protocol by both observers. Seventeen Observer 2 80.0% 100.0% 100.0% 97.3%  97.6%
out of fourty one cases had an established diagnosis PPV Positive predictive value.

with of a charcotjoint. Amongst those 17, the NPV: Negative predictive value.

Fig. (1): A 53-year-old femal e with diabetes and a nhon healing draining foot ulcer. The medial aspect of the mid-foot was
swollen. There was agreement considering the presence of osteomyelitis and a soft tissue abscess between observers 1 and 2
using the rapid protocol and the clinical report for afull, contrast-enhanced protocol. (A) Coronal T1 pre-contrast non-fat
saturated image shows confluent low T1 signal through the medial cuniform and base of first metatarsal bone. (B) Coronal STIR
shows high signal through the medial cuniform with adjacent soft tissue collection. These findings meet classical MRI criteria
for osteomyelitis and soft tissue abscess and the diagnosis could be reached using these two pul se sequences alone. Abscess
presence was confirmed at surgery. (C) Coronal contrast-enhanced T1 non fat-saturated image shows the rim-enhancing fluid
collection as seen on b (thick arrows).

Fig. (2): A 60-year-old male presenting with a non healing diabetic forefoot ulcer. In this case, using the rapid screen, the
observers felt this signifies reactive osteitis while the clinical report described it as an osteomyelitis. (A) Sagittal T1 pre-contrast
non-fat saturated image shows a cutaneous ulcer undernesth the proximal phalanx of 2nd toe, with lacking of extensive focal
low T1 signal (thick arrow). (B) Sagittal STIR shows a cutaneous ulcer beneath the proximal phalanx of same 2nd toe with soft
tissue edema extending to bone and focal, faint bone marrow edema-like signal in the subjacent proximal phalanx (thick arrow).
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(A) (B)
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(D)

Fig. (3): A 50-year-old male presenting with a non-healing diabetic heel ulcer. In this case, using the rapid screen, both
observers did not recognize an abscess. However, with the use of post-contrast imaging, the clinical report made the diagnosis
of an abscess. The patient was treated with intravenous antibiotics. Twelve months later, the latest clinical report indicated that
this abnormality has resolved without the need for surgical intervention. (A) and (B) Sagittal STIR and T1 non fat saturated
WIs demonstrate non-confluent soft tissue edema and no definite fluid collection (thick arrows). (C) Sagital T1 weighted post-
contrast fat saturated image shows a patchy area of central non enhancement in the soft tissues underlying the deep heel ulcer

(thick arrow).

Discussion

In cases where osteomyelitisis clinically sug-
gested, fast and precise diagnosisis mandatory to
avoid chronic infection and complications caused
by destruction or necrosis of bones. The gold
reference for diagnosisis bony biopsy with his-
topathology, culture and sensitivity, which may
not be achievable or possible in all patients. In
clinical routine, the diagnosisis classically based
on both clinical and imaging data [6]. Magnetic
resonance imaging is the imaging modality of
choice in the diagnosis of osteomyelitiswith a
high sensitivity and specificity [15,16]. While mag-
netic resonance imaging is commonly used in the
evaluation of diabetic foot ulcers, there is no agree-
ment on what represents an ideal protocol. Magnetic
resonance imaging efficacy is of high value, asit
is an expensive and lengthy exam. Previous studies
have shown a high diagnostic performance for
abbreviated rapid MRI protocols to monitor for
various diseases [17]. Recent studies have tested
the accuracy of a protocol using only two sequences
in different planesin comparison to afull length
protocols and showed a proper diagnostic presen-
tation [13,14].

Our study suggests that if osteomyelitisis not
suspected after evaluation of the non fat saturated
T1 and fluid-sensitive fat-saturated (STIR) weight-
ed images, an additional full protocol involving
other different sequencesis unlikely to diagnose
osteomyelitis. According to our study, thisrapid
protocol has high accuracy in ruling out osteomy-
elitisamongst cases not following its standard MRI
criteria (100% and 97.6%) when in comparison to
afull protocol. This rapid protocol is aso highly
reliable and reproducible for the diagnosis of

osteomyelitis with an amost perfect inter-rater
agreement. We believe that no previous studies
have recorded the inter-observer reliability of this
abbreviated protocol in screening for osteomyelitis
in patients with diabetic foot ulcers.

Regarding soft tissue abscesses, the protocol
showed a moderate sensitivity in ruling out ab-
scesses (80% for both observers). Both observers
showed a high specificity in ruling out osteomyelitis
and abscess (94.4% to 100%) when using the
standard MR criteriafor their diagnosis. These
findings suggest that the rapid protocol may be of
value in identifying patients who do not need a
full protocol.

While the American college of radiology rec-
ommends the use of intravenous contrast in case
of performance of MRI for the assessment of os-
teomyelitis of the foot, itsimportance in the diag-
nostic performance is not well established. Previous
studies revealed that intravenous contrast is of use
in the detection of complications of soft tissue
infection including tissue necrosis, abscess forma-
tion, and sinus tracts [5,18]. In our study, the use
of intravenouscontrast was not of statistically
significant value in diagnosing osteomyelitis.
However, we suggest that lack of use of IV contrast
reduced the sensitivity of the rapid protocol in
diagnosing soft tissue abscesses. These results
agree with previous literature reporting improved
portrayal of soft tissue infection with the use of
intravenous contrast [13,14]. MR image appearance
of an abscess shows a uniform to mildly irregular
high-signal intensity focal lesion on fluid-sensitive
sequences, with corresponding intermediate to low
signal intensity on T1-weighted imaging and with
marginal enhancement on post-contrast images
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with areported sensitivity and specificity to be
89% and 80% respectively [18]. Definitely, large
abscesses are easily and confidently diagnosed
compared to small ones. Thus, small abscesses
pose a diagnostic dilemma. Abscesses can be ob-
scured on MRI examinations in diabetic patients,
in whom there is adiffuse signal intensity increase
in subcutaneous and muscle tissue due to edema
[19]. However, treatment for abscesses depends on
their size and location [20], which includes percu-
taneous drainage, surgical debridement, and intra-
venous and oral antibiotics, consequently small
abscesses may not need surgical intervention. Fig.
(3) illustrates a case of afalse negative result using
the rapid protocol. The clinical report following
the full standard protocol was established upon
the presence of arim enhancing region with central
non enhancement. On the other hand, STIR se-
guence showed only soft tissue edema correspond-
ing the area of non enhancement with no definite
fluid collection. However, regardless of this MRI
appearance of amarginally enhancing abscess, the
last clinical report revealed resolution of this ap-
pearance in this area after the patient was managed
with intravenous antibiotics with no surgical inter-
ference.

Considering the previously described findings
and according to the study done by Singer et al.
[14], we suggest that the ultimate usefulness of the
rapid protocol can be reached when the interpreting
radiologist can evaluate the two sequences in real
time, it can help classification of patientsinto one
of three categories to help determine who may
benefit from afull imaging protocol: Definite
osteomyelitis, definitely no osteomyelitis, and
indeterminate cases. Subcategorization into "inde-
terminate” casesis of high diagnostic value, as
according to recent studies [21], a high false posi-
tivity noted with the conventional T1 and T2
weighted sequences may lead to a non essential
treatment with antibiotics. The false positive cases
may be due to dependence of MRI sequences on
bone marrow signal changes, which are non specific
to bony infection, as they may be due to marrow
reactive edema, charcotarthropathy or stress frac-
tures. Some "indeterminate" cases may benefit
from additional imaging.

Among our 41 cases, the rate of bone and joint
pathol ogies depending on previously mentioned
marrow signal changes simulating osteomyelitis
was moderate. In cases of inflammatoryjoint
orcharcotarthropathy, an accurate diagnosis of
osteomyelitis can pose a challenge, even with the
use of afull standard protocol. Nevertheless, we
would stress that the aim of this study isto classify

cases into one of three categories: Definitely os-
teomyelitis, definite no Osteomyelitis, and indeter-
minate. If these alternate diagnoses was suspected
and osteomyelitis was not obviously identified,
the case shall be recognized as an indeterminate
case that requires a full standard protocol with
contrast. Consequently, this rapid protocol would
be efficient even when considering such confusing
factors.

Our study has multiple limitations: First of all,
the patients MRI examinations were interpreted
by radiologists with no available previous imaging
studies. In daily practice, muscul oskel etal magnetic
resonance imaging exams are evaluated in combi-
nation with available plain radiography, the lack
of which may have affected the study diagnostic
performance. Second, the gold reference for the
diagnosing acute osteomyelitis is histopathol ogy
and tissue culture which were not available in our
study. We depended on documents provided by
cliniciansto provide the diagnosis. There are inev-
itable hazard of inaccuracy in this method, however,
we followed published guidelines regarding this
issue [6], in which biopsy is not always indicated
in the management of a suspected case of pedal
osteomyelitis. Third, in our study, we did not
perform a sub-classification to assess the diagnostic
capability of magnetic resonance imaging when
patients remained considered suggestive with either
findings of reactive osteitis or osteomyelitis (normal
osseous T1 signal and osseous high focal STIR
signal). Recent studies reported that more than half
of patients with a diabetic foot ulcer and MRI signs
positive for reactive osteitis, but not presenting
with classical imaging findings of osteomyelitis,
will in the end be diagnosed with osteomyeltis[17].
Lastly, our study did not test the diagnostic per-
formance of limited protocol, compared to full
protocol in the description of extent of infection
for preoperative preparations.

Conclusions:

In conclusion, this rapid, abbreviated, no-
contrast, protocol consisting of two sequences was
both efficient and reliable in ruling out osteomyelitis
with the use of the standard MRI osteomyelitis
signs. While less reliable with less accuracy for
the diagnosis ofsoft tissue abscesses, it showed a
proper sensitivity. In addition, real-time evaluation
of sequences using this rapid protocol can help
recognition of cases that would profit from further
investigation and administration of contrast. This
may reduce imaging time and decrease undesirable
intravenous contrast administration, especially in
diabetic patients who are known to have affected
renal functions.
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Future studies advised for further investigation

include involving implementing this rapid protocol
in daily clinicalpractice, with real-time radiol ogist
observing each examinationto determine which
patients will benefit from afull protocol to diagnose
acute osteomyelitis.
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